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© COATING SOLUTION FOR FORMING TRANSPARENT ELECTRICALLY CONDUCTIVE FILM, METHOD OF 
PREPARATION THEREOF, ELECTRICALLY CONDUCTIVE SUBSTRATE, METHOD OF PREPARATION 
THEREOF, AND DISPLAY DEVICE HAVING TRANSPARENT ELECTRICALLY CONDUCTIVE SUBSTRATE. 

© An electrically conductive substrate has on the surface thereof a transparent conductive film made from a 
coating solution that is obtained by dispersing or dissolving in the water and/or an organic solvent a matrix 
composed of electrically conductive particles having: (a) an average particles diameter of smaller than 500 A; (b) 
the particles of smaller than 600 A being contained in an amount of greater than 60 % by weight; (c) the 
particles of smaller than 100 A being contained in an amount of greater than 5 % by weight; (d) the particles of 
greater than 1000 A being contained in an amount of smaller than 15 % by weight; and a silica polymer having: 
(A) an average polymerization degree of 1,500 to 10,000; (B) the polymer with a polymerization degree of 
smaller than 3,000 being contained in an amount of smaller than 50 % by weight; (C) the polymer with a 
polymerization degree of greater than 10,000 being contained in an amount of smaller than 20 % by weight. The 
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!vh h J P f V ?' Ce haVm9 3 trans P arent electrically conductive substrate on a display panel portion 
exhibits excellent resolution and offers vivid image at all times. 



2 



EP 0 514 557 A1 



FIELD OF INDUSTRIAL APPLICATION 

This invention relates to coating solution for forming transparent conductive coatings, process for 
preparing the same, conductive substrates, processes for preparing the same, and display devices provided 

s with transparent conductive substrates. More particularly, the invention relates to a coating solution capable 
of forming transparent conductive coatings excellent in adhesion and surface smoothness as well as in 
durability such as water resistance and alkali resistance, a process for preparing said coating solution, 
conductive substrates on the surface of which a transparent conductive coating having such excellent 
properties as mentioned above has been formed, processes for preparing said conductive substrates, and 

10 display devices provided with transparent conductive substrates. 

TECHNOLOGICAL BACKGROUND 

Though glass or plastics are being used as transparent substrates, they are liable to generate static 
75 electricity on the surface thereof, because such substrates are insulators. When these susbtrates such as 
glass or plastics are used for a display panel such as Braun tube (CRT), fluorescent indication pipe (FIP), 
plasma display (PDP), or liquid crystal display (LCD), static electricity is generated on the face-plate of the 
display panel and dust or the like is attracted thereto, whereby the displayed images on the panel becomes 
difficult to be visible. Particularly, in the case of LCD, there is sometimes observed destruction of IC or 
20 miss-operation of the display device caused by such static electricity as generated above. 

In an electrophotographic duplicator for ordinary paper (PPC) equipped with an automatic draft feeder 
(ADF), when a copy is taken successively from a plurality of drafts through ADF, a contact glass plate on 
which the draft is placed and the draft in the sheet form fed through ADF are rubbed with each other, 
whereby static electricity is generated on the contact glass plate, and by virtue of the static electricity thus 
25 generated, the draft attaches to the contact glass plate and stays thereon, plugging sometimes the ADF with 
the drafts. 

In order to inhibit the generation of static electricity on the above-mentioned substrates used for a 
display panel of the display device or contact glass plate of PPC, there has heretofore been used to apply a 
transparent substrate having thereon a transparent conductive film to the surface of said display panel or 

30 said contact glass plate- 
Known hitherto as a technique of obtaining such transparent conductive substrates as mentioned above 
is, for example, a method wherein a transparent conductive film consisting of a metal or inorganic oxide is 
formed on the surface of a transparent conductive substrate by means of a dry process such as CVD, PVD, 
vacuum evaporation or sputtering, or a method wherein a conductive coating is formed on the surface of a 

35 substrate by means of a wet process which comprises applying a coating solution containing a conductive 
material such as tin oxide and a transparent matrix-forming component on the surface of a substrate 
followed by drying and curing. 

In the dry process such as CVD referred to above, however, there are involved such problems that the 
film must be formed by a batchwise method using a vacuum evaporator, and that the surface area or shape 

40 of the substrate on which the film is formed is limited to depending upon the size of the vacuum evaporator 
used. 

In the wet process mentioned above, on the one hand, there are involved such problems that the 
transparent conductive coating formed by using, as a transparent matrix-forming component, a binder resin 
such as acrylic resin, butyral resin, melamine resin or vinyl chloride/vinyl acetate copolymer resin is poor in 
45 transparency, scratch resistance, adhesion to the substrate or durability such as alkali resistance, acid 
resistance, water resistance or solvent resistance. 

Recently, with the view of solving such problems as mentioned above, there have been proposed 
various coating solutions for forming conductive coatings and transparent conductive coatings formed by 
using such coating solutions for forming conductive coatings, 
so For example, Japanese Patent L-O-P Publn. No. 193971/1988 proposes conductive coatings consisting 
essentially of conductive particles and a vehicle (matrix), said conductive particles having an average 
particle diameter of at least 10 A and not more than 5 am. 

Japanese Patent L-O-P Publn. No. 22340/1990 proposes molded products (transparent substrates) 
having thereon a transparent coating (transparent conductive coating) containing 5-80% by weight of 
55 particulate inorganic substance consisting of tin oxide having an average particle diameter of 1-300 urn. 

In the proposals mentioned above, there are used, as the matrices, organosilicon compounds repre- 
sented by the following general formula (A). 
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R 1 a R 2 b Si(OR 3 )<_ a . b (A) 

By way of Japanese Patent L-O-P Publn. No. 54613/1989, WO89/03114 and WO90/02157, the present 
applicant has proposed coating solutions for forming conductive coatings prepared by mixing conductive 
substances with partial hydrolyzates of alkoxysilane and acetylacetonatochelate such as 
bisacetylacetonatodialkoxy zirconium as a matrix in a mixed solvent of water-organic solvent, and substrate 
having on the surface thereof a transparent conductive coating obtained from the above mentioned coating 
solutions. 

These substrates having coated thereon a transparent conductive coating as obtained above, however, 
are required to have further improved durability and also excellent surface smoothness, though said 
substrates are excellent in conductivity and transparency and also found to be at least satisfactory with 
respect to properties such as durability. 

In the case of a display panel with a transparent conductive coating, it is requested that the quality, 
especially resolving power, of the images displayed by means of a display device equipped with the display 
panel will not be deteriorated by the presence of said transparent conductive coating. 

The present invention has been made in view of such circumstances as mentioned above, and the main 
objects of the invention are to provide coating solutions capable of forming transparent conductive coatings 
excellent in adhesion, surface smoothness and durability such as alkali resistance and water resistance on 
the surface of substrates such as glass, plastics and the like, process for preparing the same, conductive 
substrates having formed on the surface thereof transparent conductive coating having such excellent 
properties as mentioned above, processes for preparing the same, and display devices equipped with said 
transparent conductive substrates. 

DISCLOSURE OF THE INVENTION 

The coating solution for forming a transparent conductive coating of the present invention is character- 
ized by comprising conductive particles having 

(a) an average particle diameter of not more than 500 A, and 

(b) an amount of particles having a 

particle diameter of not more than 600 A being more than 60% by weight, 

(c) an amount of particles having a 

particle diameter of not more than 100 A being more than 5% by weight, and 

(d) an amount of particles having 

a particle diameter of more than 1000 A being not more than 15% by weight, and 
a matrix comprising a silica polymer having 

(A) an average degree of polymerization of 1,500-10,000, and 

(B) an amount of the polymer having a degree of polymerization of not more than 3,000 being not more 
than 50% by weight, and 

(C) an amount of the polymer having a degree of polymerization of more than 10,000 being not more 
than 20% by weight. 

The coating solution for forming a transparent conductive coating mentioned above may be prepared by 
dispersing or dissolving in water and/or organic solvent conductive particles having specific average particle 
diameter and particle size distribution mentioned above obtained by pulverizing and/or classifying powdered 
conductive particles or conductive particle dispersed in a sol and a matrix having the specific degree of 
polymerization as defined above. 

The conductive substrates of the invention comprises a substrate and a transparent conductive coating 
formed from such coating solution for forming a transparent conductive coating as mentioned above. 

The conductive substrate of the invention as mentioned above may be prepared by applying the above- 
mentioned coating solution for forming transparent conductive coatings onto the surface of the substrate, 
followed by heat curing. 

The above-mentioned conductive substrate may also be prepared favorably by irradiating the transpar- 
ent conductive coating as formed and still at an uncured stage prior to heating with an electromagnetic 
wave having a wavelength shorter than that of visible light, or by exposing the transparent conductive 
coatings at an uncured stage to a gaseous atmosphere wherein curing reaction of said conductive coating is 
accelerated. 

The display device of the invention is characterized in that a display panel of said display device has a 
transparent conductive coating as obtained from the coating solution for forming transparent conductive 
coatings mentioned above on the face-plate of a display panel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sketch of a bar chart used in the invention for the measurement of resolving power. 
Fig. 2 is an illustration showing how to measure resolving power. 

5 

BEST MODE OF THE INVENTION 

To begin with, the coating solution for forming a transparent conductive coating, conductive substrate, 
and process for the preparation thereof of the present invention are illustrated below in detail. 

10 

I) Coating sol ution for forming a transparent conductive coating 

The coating solution of the invention for forming a transparent conductive coating is a dispersion which 
comprises a) conductive particles having a specific average particle diameter and specific particle size 
;5 distribution as defined above and b) a specific matrix as mentioned above in a dispersion medium 
composed of water and/or organic solvent. 

a) Conductive particles 

20 The conductive particles used in the invention include those known hitherto, concretely tin oxide, tin 
oxide doped with Sb, F or P, indium oxide, indium oxide doped with Sn or F, and antimony oxide. 

The conductive particles as mentioned above may be obtained by the method disclosed in Japanese 
Patent L-O-P Publication Nos. 230617/1987, 11519/1988 or 221124/1990 filed previously by the present 
applicant. 

25 The conductive particles used in the invention have an average particle diameter of not more than 500 
A, preferably 50-300 A, and an amount of particles having a diameter of not more than 600 A is more than 
60% by weight, preferably more than 80% by weight based on ail transparent conductive particles, an 
amount of particles having a diameter of not more than 100 A is more than 5% by weight, preferably more 
than 20% by weight based on all transparent conductive particles, and an amount of particles having a 

30 diameter of more than 1000 A is not more than 15% by weight, preferably not more than 5% by weight 
based on all transparent conductive particles. 

The conductive particles having such specific average particle diameter and particle size distribution as 
defined above may be prepared by pulverizing and/or classifying such known conductive particles as 
mentioned above by means of a suitable means until the average particle diameter and particle size 

35 distribution of said particles satisfactorily fall within the above-mentioned ranges. 

The pulverization and/or classification for controlling the average particle diameter and powder size 
distribution of the above-mentioned conductive particles may be carried out at a stage of either powder or 
sol, and may also be carried out either before or after the preparation of the coating solution for forming a 
transparent conductive coating. 

40 In the present invention, because the conductive particles having specific average particle diameter and 
particle size distribution as defined above are used for preparing coating solutions for forming a transparent 
conductive coating, the resulting coating solutions are found to be stable, keeping the conductive particles 
highly dispersed. 

45 b) Matrix 

Silica polymers are used as matrices in the coating solution of the present invention for forming a 
transparent conductive coating. 

The silica polymers mentioned above have an average degree of polymerization of 1,500-10,000, 
so preferably 2,500-7,500, wherein not more than 50% by weight, preferably not more than 20% by weight of 
the polymer has a degree of polymerization of not more than 3,000, and not more than 20% by weight, 
preferably not more than 10% by weight of the polymer has a degree of polymerization of more than 
10,000. 

By silica polymers as referred to herein are meant polycondensation products obtained by hydrolysis of 
55 organosilicon compounds such as alkoxysilane. 

The organosilicon compounds used therein include concretely one of the alkoxysilanes represented by 
the following general formula [I], or a combinations of two or more said alkoxysilanes. 
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R, - Si - (0R') 4 . a [I] 

wherein R is an alkyl group represented by -CHa-.i (n = 1-4), hydrogen atom or halogen atom, R 1 is the 
same alkyl group as defined above by R or an alkylalkoxy group represented by 
-C 2 H4 0C n H 2n . 1 (n = 1-4) or hydrogen atom, and a is an integer of 0-3. 

The degree of polymerization as used in the invention signifies the degree of polymerization in terms of 
polystyrene as determined by means of gel chromatography. 

The silica polymers used in the invention may be obtained, for example, by a method wherein the 
above-mentioned alkoxysilane is subjected to hydrolysis in the presence of acid, for example, nitric acid 
hydrochloric acid or acetic acid in a mixed solvent such as water-aicohol. 

The hydrolysis of the alkoxysilane as mentioned above is carried out preferably under the conditions 
where ac.d/Si0 2 = 0.0001-0.05 (wt/wt) and water/Si0 2 = 4-16 (mol/mol) in which Si0 2 represents a value 
obtained by converting the alkoxysilane into Si0 2 . 

The hydrolysis of the alkoxysilane is preferably carried out at a temperature of from room temperature 
to 200 * C. 

Further, a concentration of the alkoxysilane used for the hydrolysis is preferably about 3-25% by weight 
in terms of Si0 2 , and the concentration thereof is preferably controlled to be higher when the hydrolysis 
temperature becomes lower. 

The coating solution for forming a transparent conductive coating may be prepared by dispersing or 
dissolving in water and/or organic solvent conductive particles having specific average particle diameter and 
particle size distribution mentioned above and the matrix having the specific degree of polymerization as 
defined above. 

The preparation of the coating solution is, for example, carried out as follows: 

To a sol in which the conductive particles having the specific particle size distribution dispersed in the 
sol, a dispersion of the silica polymers having the specific degree of polymerization dispersed in water- 
alcohol is added in a predetermined amount. A solid content (conductive particles and silica polymers) of 
the resulting mixture is controlled by adding water and/or alcohol. 

Then an acid such as hydrochloric acid and nitric acid is added to the mixture to control a pH of the 
mixture to 1 .5-6.0, preferably 1 .5-4.0, to obtain the coating solution. 

The mixing ratio of the conductive particles to the matrix in the coating solution for forming a 
transparent conductive coating is preferably as follows: 

ECVSiQs = 0.5-5.0 (wt/wt) 

wherein EO x represents a weight of the conductive particles in terms of oxides, and Si0 2 represents a 
weight of the silica polymers in terms of oxides. 

If the coating solution for forming a transparent conductive coating applied to the surface of the 
substrate contains excessively large amount of the matrix component, the resulting coating decreases in 
conductivity and, on the contrary, if the amount of the conductive particles contained in said coating solution 
is excessively large, dispersibility in the coating solution of the conductive particles or preservability of the 
coating solution deteriorates, or the coating formed therefrom deteriorates sometimes in transparency or in 
adhesion to the substrate. 

In the coating solution for forming a transparent conductive coating, the sum total of solids content of 
the conductive particles and matrix is desirably not more than 15% by weight. 

The organic solvents used as dispersion media for the above-mentioned conductive particles and matrix 
include, though not particularly limited, for example, alcohols such as methanol, ethanol, propanol butanol 
d.acetone alcohol, furfuryl alcohol, ethylene glycol and hexylene glycol; esters such as methyl acetate and 
ethyl acetate; ethers such as diethyl ether, ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol monobutyl ether, diethylene glycol monomethyl ether and diethylene glycol mon- 
oethyl ether; and ketones such as acetone, methyl ethyl ketone, acetylacetone and acetoacetic ester. 

Such coating solution of the invention for forming a transparent conductive coating as obtained in the 
manner mentioned above may also be incorporated with various other components for the purpose of 
imparting additionally another function to the coating solution. 

For example, a display panel having a transparent conductive coating prepared by using the coating 
solution .ncorporated with small amounts of a dye, particularly a face plate of CRT, will absorb light of 
specific wavelengths to improve contrast. 

Furthermore, a refractive index of the coating can be adjusted by allowing a metallic oxide such as 
Zr0 2 , Ti0 2 or Ce0 2 , or a compound oxide thereof to coexist in said coating. In this case, the particulate 
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metallic oxide or its precursor is added to the coating solution. 

The precursor useful in that case includes acetylacetonate chelate compounds such as dibutox- 
ybisacetylacetonate zirconium and dibutoxybisacetyiacetonate titanium, or metallic alkoxide compounds 
such as tetrabutoxy zirconium and tetraisopropoxy titanium. 
5 Further, it is also possible to add as an auxiliary binder a silicic acid solution obtained by dealkalization 

of an alkali metal silicate. 

II) Conductive substrate 

w The conductive substrate of the present invention comprises a substrate such as glass or plastics and a 
transparent conductive coating formed on the surface of said substrate by coating said surface with the 
above-mentioned coating solution for forming a transparent conductive coating. 

In this connection, the substrate having the above-mentioned transparent conductive coating formed on 
their surface have a surface resistivity of 10 3 -10 10 Q/o. Of the conductive substrate mentioned above, those 

;s which are not subjected to non-glare treatment have a haze of not more than 1%, and those which are 
subjected to non-glare treatment have a glossiness of 40-90%. 

The conductive substrates of the invention may have a transparent protective coating formed on the 
surface of the transparent conductive coating. 

The transparent conductive coating formed on the surface of the conductive substrate of the invention 

20 contains a minor proportion of conductive particles having a large particle diameter. That is, this transparent 
conductive coating is formed by using a coating solution wherein the amount of particles having a particle 
diameter of not more than 600 A is more than 60% by weight and the amount of particles having a particle 
diameter of more than 1000 A is not more than 15% by weight. On that account, the surface of this 
transparent conductive coating is excellent in smoothness even when said coating is made thin, and almost 

25 free from uneveness due to the presence of large particles in said coating. In the conductive substrates of 
the invention, therefore, the formation of scattered light on the surface of the transparent conductive coating 
can be decreased and, at the same time, the formation of scattered light caused by the particles in this 
coating can be inhibited. 

As mentioned above, in the present invention the particle diameter range of the conductive particles 
30 contained in the coating solution for forming a transparent conductive coating is specifically defined above 
and, in addition thereto, the content of particles having a particle diameter of not more man 100 A is defined 
to be more than 5% by weight, hence the proportion of large particles contained in the coating solution is 
far smaller in comparison with the coating solutions which are not so defined. Accordingly, in the coating 
formed on the substrate by using the coating solution of the invention as mentioned above, practically no 
35 large particle is present. On that account, the formation of scattered light caused by the particles having a 
large particle diameter present in the transparent conductive coating as formed is further decreased, and 
the conductive substrates of the invention having formed the transparent conductive coating on their surface 
thus obtained are found to be excellent in transparency and low in haze. 

In particular, there is obtained a display panel for a display device having excellent resolving power by 
40 forming the above-mentioned transparent conductive coating on said panel. 

In the transparent conductive coating formed on the conductive substrate of the invention, the 
conductive particles are uniformly dispersed, because the coating solution used contains a minor proportion 
of large particles and particles having particle diameters falling within the specific range as defined above. 
Accordingly, when the transparent conductive coating having the same surface resistivity as in coatings 
45 obtained from conventional coating solutions containing a major proportion of conductive particles having 
large particle diameter is desired to obtain, said conductive coating can be reduced in thickness. 

Because the silica polymers having a specific distribution in degree of polymerization as mentioned 
above are used as matrices in the coating solution of the invention for forming a transparent conductive 
coating, the coating solution as applied to the substrate will cure to form a compact coating practically free 
so from voids (pores or minute cracks). Accordingly, the coating formed by means of the coating solution of 
the invention comprising a combination of the matrix and fine conductive particles having such characteris- 
tic features is extremely even and smooth on its surface. 

The term smoothness as used in the invention means that the coating is free from unevenness and 
small in surface roughness and, in addition thereto, said coating has a denseness free from the above- 
55 mentioned void. 

The conductive substrates of the invention are excellent in optical characteristics such as transparency 
and low haze, and of course excellent in surface hardness. Also, they are excellent in durability against an 
acid or alkali atmosphere or the circumstances of high temperature and humidity and, at the same time, 
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excellent in stain resistance. The term stain resistance as used in the invention is intended to designate 
such properties of the coating that the coating is difficult to stain and. even when said coating stains the 
substance that has stained said coating can readily be removed therefrom 

^J1VT SP ZT { CC : nductive coatin .9 formed ° n « h * surface of the substrate of the invention has a 
thickness desirably of about 500-7000 A. 

The conductive substrates of the invention may have a transparent protective coating further formed on 
the transparent conductive coating formed already on said substrate. 

The conductive substrates having a surface resistivity falling within the range of 10* 0* to 10* a/a and 

L^f T h 0 ' 6 tha " 1% C3n ° btained by formin 9 the transparent conductive coating having the 
above-menfioned coating thickness on the surface of said substrate and. if necessary, by forming furthe" 

iLSKTi??^? C ° atin9 °" ^ ,ranSParent C ° nduC,ive Coatin 9- further/when the no„X 
Z r ^ d ' a,er iS C8rried ° Ut at the time 0f ,ormin 9 me coatin 9 0" ^e substrate having 

gtoss^ss o? ^90^' * 38 ° btained in thS 0388 Wh6re "° n0n - glare trea,ment is carried out - and a 
Furthermore, by controlling optical characteristics of the above-mentioned transparent conductive 
coating and transparent protective coating in the manner as will be mentioned later, there can be obtained a 
conductive substrate having a surface resistivity of 10* - 10'° 0/D, a glossiness of 40 - 90% and a surface 
reflectance of not more than 1%. surrace 



HI) Process for Preparing Conductive Substrate 



The conductive substrates of the present invention may be prepared by coating the surface of the 
substrate such as glass or plastics with the coating solution for forming a transparent conductive coating by 
means of a method such as dipping, spinner, spraying, roll coaler or flexo printing, followed by drying at 
ordmary temperature to 90 • C and then curing by application of heat of more than 1 00 • C 

™ ST- *! l°T Ct ^ SUDS,rates which exhibit the above-mentioned effects thereof more prominently 
can be obtained by the following procedure. ' 

,r a «I!f ?' aft T ! he above - mentioned ^ting or drying process or during the drying process, the 
transparent conducive coating coated and still at an uncured stage is irradiated with an electromagnetic 
wave having a wavelength shorter than that of visible light, or the transparent conductive coating a" an 
uncured stage .s exposed to a gas atmosphere wherein curing reaction of the conductive coating as coated 



The electromagnetic wave with which the uncured transparent conductive coating is irradiated before 
heating includes concretely ultraviolet rays, electron rays, X-rays and gamma rays, and of these rays 
preferred are ultraviolet rays. The uncured transparent conductive coating as coated is irradiated with 
ultrav.olet rays hav.ng an energy amount of more than 100 mJ/cm*. preferably more than 1000 mJ/cm* by 
using as a source of ultraviolet rays, for example, a mercury lamp wherein an intensity of emission 

pre^a:^;To^ , ^4 a m ^ abOU, ^ ^ and ^ imenSity °' ' i9ht iS ™ 6 ,ha " 10 «• 

hft f Jr e h 9a * S which i ^o mo ' es ,he curi "9 reaction of the transparent conductive coating at an uncured stage 
^J" 8 V ?' eXamp,e ' amm ° nia ° r ° 2 ° ne - The Potion of curing of the transparent 
staoe tr B l St? .T 7* * aCCOmplished ' for e * am P le ' "V treating said coating at an uncured 
stage for 1-60 minutes with such active gas as mentioned above in an active gas atmosphere havino a aas 
concentration of 1 00-1 0,000 ppm, preferably 1 ,000-10.000 ppm. 9 9 

By carrying out the above-mentioned cure promotion treatment, polymerization of the matrix is 
ZITTt 1 J 1 Same ' ime ' eva P° ration of water and solvent remaining in the coating is also 
P ^ h V L 1 neat " curin 9 conditions such as a heating temperature and heating time to be 
employed in the subsequent heating process can be moderated. 

m Jl the l n T ti0n ' Whe " ' he SUrfa ° e ° f the SUDStrate such as 9' ass or P' astics is coated by the spray 
method with the coating solution, while preheating said surface to about 40-90 -C and maintaining said 

temperature, and the thus coated substrate is subjected to heat-curing treatment, a number of minute ring- 
suLZf [I Z^, f0rmed on the surface of the coating, whereby a non-glare transparent conductive 
substrate with little glare is obtained. Accordingly, when the transparent conductive substrate is prepared by 
such procedure as mentioned above, performance of the substrate such as stain resistance and durability 
wm not deteriorate, though an apparent surface roughness of the surface of the coated film is lost more or 

also be 1 ca3out Pri0r * ™* hea, ' CUnn9 treatment - the above-mentioned cure promotion treatment may 
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As mentioned previously, the transparent protective coating may be formed on the transparent 
conductive coating formed on the substrate by means of the above-mentioned procedure. 

The transparent protective coating mentioned above desirably has a thickness of not more than about 
0.5 urn, and this transparent protective coating may be formed by the same method as used in forming the 
5 transparent conductive coating on the substrate, including the steps of coating, drying and heating in 
succession. In that case, the above-mentioned cure promotion treatment and/or non-glare treatment may be 
carried out at the time of forming the transparent protective coating. 

The coating solutions for forming a transparent protective coating preferably used in the above case 
include the above-mentioned coating solutions for forming a transparent conductive coating from which the 
w conductive particles have been omitted, or the coating solutions containing the conductive particles in 
amounts smaller than that of the conductive particles contained in the above-mentioned coating solution for 
a transparent conductive coating. 

In preparing the conductive substrate by laminating the conductive coating and the transparent 
protective coating successively on the substrate, coating solutions incorporated with refractive index 
15 adjusting compound particles, that is, compound particles capable of adjusting refractive index of each 
coating, are used in amounts controlled so that a coating having desired refractive index and film thickness 
is formed from each coating solution on the substrate, whereby the conductive substrate having a reflection 
preventive ability wherein the reflectance of external light is not more than 1%. 

In that case, the compound particles to be added to the coating solution for forming a transparent 
20 conductive coating are metallic oxide particles such as ZxOi, Ti0 2 or CeC^, compound oxide particles 
thereof, or particles consisting of precursor thereof. 

The compound particles to be added to the coating solution for forming a transparent protective coating 
are particles of MgF 2 or CaF 2 . 

25 IV) Display device provided with transparent conductive substrate 



The display devices of the present invention are those which display images electrically such as Braun 
tube (CRT), fluorescent indicator pipe (FIP), plasma display (POP), liquid crystal display (LCD), etc., and a 
transparent conductive coating is formed on the face-plate of the display panel thereof. That is, the display 

30 devices of the present invention are equipped with a display panel with a transparent conductive coating as 
a transparent conductive substrate. 

The transparent conductive coating is formed by using the above-mentioned coating solution of the 
invention for forming a transparent conductive coating. 

The display panel with the transparent conductive coating thus formed is excellent in conductivity, 

35 smoothness, durability, adhesion between the coating and the substrate, and stain resistance. Furthermore, 
resolving power of the displayed images observed through the display panel with the transparent conductive 
coating is maintained at a high level. 

In this connection, the display panels with the transparent conductive coating have all a surface 
resistivity of 10 3 -10 10 IJ/o. The display panels comprising the transparent conductive substrate not subjected 

40 to non-glare treatment have a haze of not more than 1 % and a resolving power of more than 70 bar/cm, and 
the display panel comprising the transparent conductive substrate subjected to non-glare treatment have a 
glossiness of 40-90% and a resolving power of more than 60 bar/cm. The term resolving power as used 
herein is intended to designate a value measured by the following method. 

As shown in Fig. 1, a bar chart 1 having printed a given number per 1 cm of bars 2 is applied to one 

45 side of a test display panel on which no film is formed, and said panel is placed in a test device 4 shown in 
Fig. 2 so that the side of said panel to which the bar chart has been applied is positioned inside the test 
device 4. In the test device 4 having a white inner wall 2 pieces of fluorescent lamps (20W) are placed 
laterally at an interval of 30 cm at a distance of 50 cm from the position of the test display panel. In this 
case, the bar chart used is changed successively from one having a small number of bars per 1 cm to the 

so other having a larger number of bars per 1 cm, and the maximal number of bars per 1 cm in the bar chart 
that can be confirmed by visual observation is taken as a resolving power. 

In the display devices of the invention, the reflectance of the display panel can be reduced to not more 
than 1% by forming on the face-plate of the display panel a transparent conductive coating containing the 
above-mentioned refractive index adjusting compound particles such as Ti0 2 or Zr0 2 and further forming a 

55 protective coating containing the above-mentioned refractive index adjusting compound particles such as 
MgF2 or CaF 2 on the surface of the transparent conductive coating. That is, reflection of light occurring on 
surface of the display picture can be prevented, whereby the picture displayed on the display panel 
becomes easy to see. 
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In the display devices of the present invention, various improvements such as prevention of reflection of 
light on the displayed picture can be made, for example, by forming a special protective coating on a 
transparent conductive coating formed on the face-plate of the display panel. 

EFFECT OF THE INVENTION 

The coating solutions of the present invention for forming a transparent conductive coating which 
contain conductive particles having a specific particle size distribution and a matrix comprising of a specific 
silica polymer are capable of forming on the surface of a substrate conductive coatings excellent in 
adhesivity and surface smoothness as well as in durability such as water resistance and alkali resistance, 
and also excellent in optical characteristics such as transparency, haze and glossiness. 

That is. the conductive particles are fine particles having specific particle size distribution with a minor 
proportion of large particles, hence transparent conductive coatings which are smooth and low in haze even 
when the coating thickness of said coating is made thin. 

The conductive particles are well dispersed in the coating solution, and therefore, the coatings 
sufficiently low in surface resistivity can be obtained even when the amount of the conductive particles is 
reduced. 

Because the matrix comprises a silica polymer having a specific degree of polymerization, when the 
above-mentioned conductive particles are dispersed in the coating solution containing said matrix, the 
resulting coating solution is practically free from aggregation of the conductive particles, and in the coating 
formed therefrom the monodispersed state of the conductive particles is maintained. Accordingly, extremely 
flat and smooth transparent conductive coatings excellent in adhesion and excellent in durability and stain 
resistance such as moisture resistance and alkali resistance can be obtained by the use of the above- 
mentioned coating solutions of the invention which contribute to surface smoothness of the coatings, which 
are practically free from voids caused by the aggregated conductive particles present therein, and which 
promote denseness of the coating. 

According to the process for preparing conductive substrates of the invention, heat-curing conditions 
can be moderated by irradiating the transparent conductive coating at an uncured stage before heating with 
an electromagnetic wave having a wavelength shorter than that of visible light, or subjecting the transparent 
conductive coating to cure promotion treatment such as exposure to a specific gas atmosphere. 

Because the display devices of the invention are equipped with display panels having formed thereon 
transparent conductive coatings having excellent properties as mentioned above, the display panels can 
maintain their antistatistic effect on the picture of displays for a long period of time even when the display 
devices are used under severe circumstances. On that account, the display pannels are difficult to attract 
dusts or the like, and a state wherein IC breakage and wrong behavior are less observed is maintained for a 
long period of time. 

Furthermore, according to the display devices of the present invention, clear and sharp images are 
obtained, because the displayed images observed through the display panel are maintained at high levels 
of resolving power. 

The present invention is illustrated below in detail with reference to examples, but it should be 
construed that the invention is in no way limited to those examples except to the extent set forth in the 
appended claims. 

First, preparative examples of matrices and conductive particles used in the invention are set forth 
hereinafter. 

[Preparation Example 1 ] 
Preparation of Matrix 

Ethyl silicate 28 (Si0 2 concentration 28% by weight) or ethylsilicate 40 (Si0 2 concentration 40% by 
weight) was added to a mixed solution comprising organic solvent, water and acid, and the resulting mixture 
was allowed to undergo hydrolysis under the conditions as shown in Table 1 to prepare matrices A - G. 
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[Preparation Example 2] 
Preparation of conductive particles 

1 ) An aqueous solution was prepared by dissolving 333 g of potassium stannate and 69.5 g of tartar 
emetic in 1019 g of pure water. This aqueous solution was added to 1867 g of pure water kept at 50 'C 
over a period of 12 hours. At that time, concentrated HN0 3 was added simultaneously to maintain pH of 
the mixed solution at 8.5. From the resulting tin oxide hydrate dispersion, the tin oxide hydrate removed 
by ultra-filtration. The removed tin oxide hydrate was then washed and dried, followed by calcining, at 
550 " C for 3 hours. 

400 g of the thus obtained tin oxide particles doped with antimony was added to 1600 g of an 
aqueous solution containing 40 g of KOH. The resulting mixture was stirred by means of a sand mill for 5 
hours while keeping said mixture at 30 "C, followed by dealkalization by means of a cation exchange 
resin. There was obtained a conductive tin oxide colloidal particle dispersion I having a particle size as 
shown in Table 2. 

2) The procedure of the above 1) was repeated to obtain a conductive tin oxide colloidal particle 
dispersion II. except that the pH of the mixed solution at the time of formation of tin oxide hydrate was 
maintained at 10. 

3) A tin oxide hydrate dispersion obtained under the same conditions as in the above 2) was subjected to 
ultra-filtration, washed and charged with 300 g of an aqueous solution containing 5% by weight of H 2 0 2 
The resulting mixture was heated at 100 "C for 30 minutes, and then put into an autoclave in which the 
m.xture was further heated at 300 -C for 2 hours to obtain a conductive tin oxide colloidal particle 
dispersion III. 

4) A conductive tin oxide colloidal particle dispersion IV was obtained by repeating the same procedure 
as in the above 1) except that the sand mill treatment was carried out for 3 hours, followed by centrifugal 
treatment (5000 ppm, 1 hour). 

5) A conductive tin oxide colloidal particle dispersion V was obtained under the same conditions as in the 
above 1) except that the content of KOH in the aqueous KOH solution used at the time of the sand mill 
treatment was changed to 1 0 g of KOH. 

Table 2 
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Dispersion No. 


Average Particle 
Diameter (A) 


Particle Size Distribution (%) 


Solids Concentration 
(wt %) 


Not more 
than 100 A 


Not more 
than 600 A 


Not less than 1 000 A 


I 


400 


10 


60 


10 


20 


If 


100 


80 


80 


0 


20 


III 


200 


40 


90 


0 


20 


IV 


30(3 


5 


100 


0 


20 


V (Comp.) 


900 


2 


10 


30 


20 


(Comp.): Comparative example 



[Examples 1-8, Comparative Examples 1-3] 

Preparation of coating solution for forming a transparent conductive coatin g 

A mixture comprising the matrix obtained in Preparation Example 1, the conductive tin oxide colloidal 
particle dispersion obtained in Preparation Example 2, an organic solvent and pure water as diluent was 
adjusted to indicated pH shown in Table 3 by the addition of acid to prepare coating solutions of Examples 
1-8 and Comparative Examples 1-3 for forming a transparent conductive coating as shown in Table 3 
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Table 3 



(Coating Solution for forming a transparent conductive coating) 




Coating 
solution 

Kin 
NO. 


Conductive 

particle 
dispersion 

(9) 


Matrix 

<g) 


Diluent (g) 


pH 


Solids 
concentration 
{7o oy weight) 


Other additive 


Ex.1 


1 


1 


30 


A 


120 


Ethanol 


170 


3.0 


3.0 




Ex.2 


2 


II 


30 


B 


67 


Water 
Ethanol 


33 
337 


2.5 


2.0 




Ex.3 


3 


in 
III 


30 


c 


10 


Isopropanol 
Ethanol 


30 
30 


2.0 


7.5 




Ex.4 


4 


in 

III 


30 


B 


60 


DAA 
Ethanol 


45 
315 


3.0 


2.0 


Dye (Rhodamine 6G) 
(0.06% by weight) 


Ex.5 

- 


5 


III 


30 


B 


40 


DAA 
Ethanol 


45 
325 


3.0 


2.5 


Dibutoxy • 

oisacetyi-acetonate 
zirconium (10 g) 


Ex.6 


6 


II 


30 


A 


67 


Water 
Ethanol 


107 
107 


3.0 


2.5 




Ex.7 


7 


IV 


30 


D 


60 


Ethanol 


360 


2.0 


2.0 




Ex.8 


8 


II 


30 


E 


32 


n-Butanol 
Methanol 


149 
149 


1.5 


1.5 




Comp. Ex. 1 


9 


III 


30 


F 


80 


Water 
Ethanol 


60 
163 


3.0 


3.0 




Comp. Ex. 2 


10 


V 


30 


B 


60 


DAA 

Ethanol 


45 
405 


3.0 


3.0 




Comp. Ex. 3 


11 


II 


30 


G 


60 


Ethanol 


360 


2.0 


2.0 




DAA: Diacetone alcohol 
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[Example 9-10, Comparative Example 4-6] 

Preparation of display panel with transparent conductive coatings 

Display panels for Braun tube (14 inches) preheated or not preheating were individually coated with 
coating solutions of Examples 1-8 and Comparative Examples 1-3 under the conditions as shown in Table 4 
to prepare display panels with each of the transparent conductive coatings of Examples 9-16 and 
Comparative Examples 4-6, respectively. The coating conditions and cure promotion treatment conditions 
employed are as follows: 

1A Nozzle, a product of SPRAYING SYSTEM CO., Air Pressure 1.5 kg/cm 2 , 
Solution feeding rate 20 ml/min. for 1 minute 
100 rpm, 30 seconds 
Mercury lamp, 500 mW/cm 2 6000 mJ 

Exposed for 5 minutes in atmosphere of containing 10.000 ppm NH 3 vapor 



Spray condition: 

Spinner conditions: 
Ultraviolet ray irradiation: 
Ammonia treatment: 



55 
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The display panels were provided with transparent conductive coatings of Examples 9-16 and Comoara- 
t,ve Examples 4-6 respectively and following evaluations were made on the display pannels P 
The results obtained are shown in Table 5. 

Ha2e: The measurement was conducted by means of a haze computer (a 

product of Suga Shiken-Ki K.K.). 
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Glossiness: 
Surface resistivity: 

Film strength: 



Resistance to boiling water: 



Stain resistance: 



Measured according to JIS K71 05-81 . (Angle of Measurement 60 • C) 
Measured by means of HIRESTA or LORESTA (Products of Mitsubishi 
Petrochemical Co., Ltd.) 

To an office eraser (equivalent to No. 50-50 LION) placed on the coating 
was applied to a load of 1 kg, and the eraser was slidden 200 times 
reciprocal vely. Thereafter, a comprison was made on glossiness before 
the test and after the test (AG), and the ratio ofsurface resistivity before 
the test (Rs) and after the test (Rm). 

The panel was immersed in boiling water for 30 minutes and for 60 
minutes, and glossiness and surface resistivity after the 30-minute and 
60-minute tests were measured for comparison. 

On the surface of the coating are drawn lines with a load of 1 kg by 
means of pencils of 6B to 9H, respectively, and the traces of the drawn 
lines are wiped out slightly by means of a gauze impregnated with 
ethanol. After the 10-time wiping, the hardness of the pencil that the 
trace remained is taken as an indication of evaluation (with respect to 
stain resistance, reference was made in the specification. (Page 18 line 
24 - Page 19 line 2) 

Evaluated by the method mentioned previously. 
As is clear from Table 5, the transparent conductive coatings formed from the coating solutions of the 
invention are practically free from changes of glossiness and surface resistivity in the film strength test and 
the test of resistance to boiling water. The display panel with a coating formed from the coating solution of 
Comparative Example 3 comprising the matrix having a small average degree of polymerization has a 
surface resistivity as high as 5 x 10 11 Q/o. This high surface resistivity is considered ascribable to the fact 
that an insulating layer is formed at the surroundings of at least parts of the conductive particles by a 
coupling phenomenon of the conductive particle surface due to a low molecular weight component present 
in the matrix. On the other hand, no such a phenomenon as mentioned above is observed in the coating 
solutions of the invention, hence the coatings obtained therefrom have a stable surface resistivity. 



Resolving power: 



30 [Examples 17-24, Comparative Examples 7-9] 

Preparation of display device and evaluation thereof 

Using Braun tubes having the display panels with each of the transparent conductive coatings of 
35 Examples 9-16 and Comparative Examples 4-6 respectively, each of the display devices (terminal display) 

of Examples 17-24 and Comparative Examples 7-9 was assembled. 

Examples and comparative examples of the display devices correspond to those of the display panels 

with a transparent conductive coating, for example, the display device of Example 17 has the display panel 

with a transparent conductive coating of Example 9. 
40 The display devices of Examples 17-24 were able to form clear and sharp images even after a long 

term storage or use without contamination of the displayed picture with dust or the like. On the other hand. 

in the display device of Comparative Examples 7, it was found that the displayed images are somewhat low 

in definition and liable to be stained with dust or the like. In the display device of Comparative Example 8, 

there was brought about such a defect that the transparent conductive coating formed on the surface of 
45 display panel peels therefrom. In the display device of Comparative Example 9, antistatic effect on the 

displayed picture was not sufficient, and there was observed such a tendency that dust or the like attaches 

to the displayed picture after a long term storage. 
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[Example 25] 



and f * PartiC ' eS W6re added t0 the coatin 9 solution for fo ™ng ^ conductive coating 

and coating solutions for forming a protective coating, respectively, to prepared the coating solutions as 
shown ,n Table 6 Of the refractive index adjusting particles used, titania sol <Ti0 2 concentration 20 wt %) 
having dispersed there.n particles having an average particle diameter of 200 A was used as Ti0 2 particles 

35 tZZ nXTn T S ,°Un^ 2 concentration 5 wt % > havin B dispersed therein particles having an 
average particle diameter of 300 A was used as MgF 2 particles 

^ a ,^ er h aPPlyin9 -r b K, th ! Spin,,er meth ° d <10 ° rpm ' 1 minute > the coatin 9 soMo " f °< foxing a conductive 
coating shown ,n Table 6 to the surface of Braun tube display panel (14") preheated to 40 - C the coating 
was heated at 1 80 • C for 30 minutes to form a conductive coating (coating thickness 800 A) 

Subsequently, after preheating the above-mentioned display panel with the conductive coating to 40 'C 
the coating solufon for forming a protective coating as shown in Table 6 was applied under the same 
condition as above to the surface of said display panel to form thereon a protective coating (1000 A) 



Table 6 




Coating Solution for Forming 
Conductive Coating 



Coating Solution for Forming 
Protective Coating 



Conductive 

particle 
dispersion 

(9) 


Matrix 
(9) 


Diluent (g) 


II 30 


D60 


Ethanol 
DAA 


975 
120 




D 60 


Ethanol 
DAA 


195 
15 



PH 



3.6 



Refractive 
adjusting 
particles (g) 



Ti0 2 



MgF; 



1.5 



Solid 
concentration 
(Wt%) 

1.0 



1.5 



The display panel with an anti-reflection coating of Example 25 thus obtained was evaluated in the 
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same manner as in Example 9, and a surface reflectance thereof was measured 
The results obtained are shown in Table 7. 

Table 7 



Glossiness 
3 (%) 


Haze 
H 

(%> 


Reflectance 

(%) 


Surface 
resistivity 
RS (0/d) 


Film strength 


Resistance to boiling 
water 


Stain 
resistance 


Resolving 
power 
(bar/cm) 














30 Min. 


60 Min. 














AG 


Rm/Rs 


AG 


Rm/Rs 


AG 


Rm/Rs 






45 


0.0 


0.5 


2 X 10 s 


9.5 


2.0 


-4.0 


1.5 


-5.0 


2.0 


5H 


85 



70 



75 



20 



25 



30 



[Example 26] 

On the surface of a glass substrate (450 X 300 mm) for use as a platen glass of duplicator was formed 
a coating under the conditions as shown in Table 8. This glass substrate with the coating was evaluated in 
the same manner in Example 9. 

The results obtained are shown in Table 9. 

Further, this glass substrate was incorporated into a duplicator equipped with ADF, and copy paper was 
fed to the duplicator to investigate the number of sheets of copy paper until the paper clogging takes place. 

As the result, no paper clogging took place before more than 100,000 sheets of copy paper were 
copied in the duplicator using a platen glass with the coating of the present invention, though paper 
clogging took place before 2000 sheets of copy paper were copied in the duplicator using a platen glass 
having no coatings thereon. 

Table 8 



Conductive Coating 


Protective Coating 


Cure 
promotion 
treatment 


Coating 
solution 
No. 


Preheating 
temp. 


Coating 
method 


(drying) 
Heating 
conditions 


Coating 
solution 


Preheating 
temp. 


Coating 
method 


Heating 
conditions 


3 


Room temp. 


Roll coater 


(90 • C/1 
min) 


Matrix A 


Room temp. 


Roll coater 


250 • C, 30 
min 





35 



40 



45 



Table 9 



Total light 
transmitt- 
ance (%) 


Glossiness 
G (%) 


Haze 
H (%) 


Surface 
resistivity 
Rs (D/d) 


Film strength 


Resistance to boiling water 


Stain 
resistance 














30 Min. 


60 Min. 












AG 


Rm/Rs 


AG 


Rm/Rs 


AG 


Rm/Rs 




92.5 


135 


0.0 


2 X 10 s 


0.3 


1.0 


-0.0 


1.0 


-2.0 


1.0 


9H 



50 
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Claims 

1. A coating solution for forming a transparent conductive coating comprising 
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conductive particles having 

(a) an average particle diameter of not more than 500 A and 

by weig a hT Unt * PartiC,9S * ° f POt m ° re tha ° 600 * being more than 60 

(c) an amount of particles having a 

particle diameter of not more than 100 A being more than 5% by weight and 

by ^ weigTand 0 ' PartiC ' eS haVi " 9 * * m0 ' e ^ 100 °' A beinQ not more tha " 1 * % 

a matrix consisting of a silica polymer having 

(A) an average degree of polymerization of 1,500-10,000 and 

ZT^XZSZ h3Vin9 3 d69ree ° f " « ™« 3.000 being not 

S^thTSS by l h e e igN lymer h3VinQ & ^ °* * ™° *™ '0.000 being not 



2. A 



i,^l° CeSS J° r preparin 9 a coa,in 9 solution for forming a transparent conductive coating which 

ZSZEZiZZSKS z;— -~ — — ~" 

(a) an average particle diameter of not more than 500 A and 

by weigT^ * PartiC ' eS haV ' n9 " PM * m0re than 600 * bein 9 ™ ra *an 60% 

(c) an amount of particles having a 

particle diameter of not more than 100 A being more than 5% by weight and 

by weigTand 0 ' * °' ™ re "™ * bei " 9 " 0t more than 15% 

a matrix consisting of a silica polymer having 

(A) an average degree of polymerization of 1,500-10 000 and 

ZllTsoV^ytSlZ haVi " 9 3 ^ 01 0f ™« 3.000 being not 

more'rS byweVht^" ^ 3 ^ ° f ^--ation of more than 10.000 being no, 

. A conductive substrate having on the surface thereof a transparent conductive coating formed from the 
coatmg solution for forming a transparent conductive coating as described in claim 1 

' I h AT/ UC,i ?l S f Strate 35 C ' aimed i0 C ' aim 3 wherein a t^sparent protective coating is formed on 
the surface of the transparent conductive coating. 0 

. The conductive substrate as claimed in claim 3 or 4 wherein the surface of the substrate on which the 
TnoZZZTT C ° atin9 bee " f ° rmed ' h3S 3 SUrfaCe r6SiStivity of 103 to 10 '° °* and a 

The conductive substrate as claimed in claim 3 or 4 wherein the surface of the substrate on which the 
transparent conductive coating has been formed, has a surface resistivity of 1^ to 10- 0^ and a 
glossiness of 40 to 90%. ' 

The conductive substrate claimed in claim 4 wherein the surface of the substrate on which the 

l7£ToiTTZ ST? , and transp ?r protec,ive coa,in9 have been fo ™£ ha " a 

res.stiv.ty of 10 to 10"= ll,o, a glossiness of 40 to 90%, and a surface reflectance of not more than 1%. 

in a process for preparing a conductive substrate by coating the substrate surface with the coatino 
solution for forming a transparent conductive coating as cla,med in claim 1 and heating the transpa em 
conductive coating formed on said substrate surface, (he improvement which com P risesTrSnoTe 

X£tzrjss& m M sta9e with an e — — a ~h 

S f0r preparin 9 a con ductive substrate by coating the substrate with the coating solutions for 
forming a transparent conductive coating as claimed in claim , and heating the transparent conductive 
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coating formed on said substrate surface, the improvement which comprises exposing the transparent 
conductive coating at an uncured stage to a gas atmosphere wherein curing reaction of the uncured 
coating is promoted. 

5 10. The process for preparing the conductive substrate as claimed in claim 9 wherein the gas which 
promotes curing reaction is ammonia. 

11. The process for preparing the conductive substrate as claimed in claim 9 wherein the gas which 
promotes curing reaction is ozone. 

A display device provided with a display panel having on its face-plate a transparent conductive coating 
formed by using a coating solution for forming a transparent conductive coating containing conductive 
particles having 

(a) an average particle diameter of not more than 500 A, and 

(b) an amount of particles having a particle diameter of not more than 600 A being more than 60% 
by weight, 

(c) an amount of particles having a 

particle diameter of not more than 100 A being more than 5% by weight, and 

(d) an amount of particles having a particle diameter of more than 1000 A being not more than 15% 
by weight, and 

a matrix consisting of a silica polymer having 

(A) an average degree of polymerization of 1,500-10,000, and 

(B) an amount of the polymer having a degree of polymerization of not more than 3,000 being not 
more than 50% by weight, and 

(C) an amount of the polymer having a degree of polymerization of more than 10,000 being not 
more than 20% by weight. 

13. A display device provided with a display panel having a transparent protective coating formed on the 
surface of the transparent conductive coating. 

30 

14. The display device as claimed in claim 12 or 13 wherein the display panel, on which the transparent 
conductive coating has been formed, has a surface resistivity of 10 3 to 10 10 n/o, a haze of not more 
than 1% and a resolving power of more than 70 bar/cm. 

35 15. The display device as claimed in claim 12 or 13 wherein the display panel, on which the transparent 
conductive coating has been formed, has a surface resistance of 10 3 to 10 10 n/o. a glossiness of 40 to 
90%, and a resolving power of more than 60 bar/cm. 

16. The display device as claimed in claim 13 wherein the display panel, on which the transparent 
40 conductive coating and the transparent protective coating have been formed, has a surface resistivity of 
10 3 to 10 1C n/o, a glossiness of 40 to 90%. a surface reflectance of not more than 1%, and a resolving 
power of more than 60 bar/cm. 
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